Integration of ecological principles into private land-use planning is critical to preservation of biodiversity and functional ecosystems in the
P
rivate land covers about 67 percent of the landscape in the continental United States (Dale et al. 2000) . Many endangered species and rare plant communities are found on private land, as is much of the productive low-elevation and riparian habitat in the western United States. Private land use, therefore, can have tremendous impacts on the potential for preserving biodiversity in the United States.
Regulation of private land use can occur through several mechanisms. First, neighbors may resort to the courts for redress if a nearby property owner's land use interferes with the enjoyment of their property rights (Prosser and Keeton 1984) . Second, federal laws like the Endangered Species Act (ESA, sec. 9) and the Clean Water Act (wetlands, under CWA, sec. 404) can regulate the impacts of private land use. Finally, local governing bodies have often been given authority to regulate growth and development through mechanisms such as comprehensive planning, subdivision regulation, and zoning (Mandelker 1993) .
This article addresses the last of these mechanisms, local land-use planning and zoning, and the role ecologists can play in conserving habitat within these processes. Recently, ecologists have been turning more of their attention to the problem of private land use and its impact on biodiversity conservation. Organizations such as The Nature Conservancy and other land trusts have been using voluntary tools such as conservation easements and outright purchases of private land to accomplish conservation goals for decades. Attention to local planning processes has intensified, however, as evidenced by a recent Ecological Society of America report. In the report, Dale and colleagues (2000) set out the following ecological principles for incorporation in local planning process:
• Examine impacts of local decisions in a regional context.
• Plan for long-term change and unexpected events.
• Preserve rare landscape elements and associated species.
• Avoid land uses that deplete natural resources.
• Retain large contiguous or connected areas that contain critical habitats.
• Minimize the introduction and spread of nonnative species.
• Avoid or compensate for the effects of development on ecological processes.
• Implement land-use and management practices that are compatible with the natural potential of the area.
Dale and colleagues encourage the application of these principles by citizens and decisionmakers. What is apparent, however, is that these principles need to be advocated by someone within the local land-use planning process. Through active involvement in the planning process, ecologists can make a difference in land-use decisions. This article reviews the process, makes suggestions about how ecologists can most profitably be involved, and encourages such involvement.
The land-use planning process and participants
For ecological principles to be considered within a local landuse process, a participant must advocate them. Clark and colleagues (2001) have observed that to be effective in crafting policy change, conservation scientists need to understand the policy process and their role vis-à-vis other stakeholders. Thus, an outline of the planning process and the potential participants is necessary to map the context of the decision (Clark 1992) and gain insight into how ecologists can participate most effectively.
Planning can occur at a programmatic, rulemaking level or at a site-specific review of the development proposal. The participants in these processes typically include governing bodies (i.e., city councils, county commissions, township boards); planning staff; a planning commission or board made up of appointed local citizens; developers; special interest groups or civic groups; and other citizens from within the jurisdiction (often neighbors at the site-specific level). Planning staff typically receive direction from the governing bodies, planning commissions, local ordinances, and state law about what to do and when. The staff apply their professional training and expertise within the boundaries set by this direction and then develop recommendations either to a planning board (or commission) or to a governing body (smaller proposals are sometimes exempt from planning board review) (Mandelker 2003) . The planning board reviews staff recommendations and, after a process of public hearings and comment, makes recommendations to the governing body. The governing body further considers the matter, including the recommendations from the staff and planning board, and holds hearings on the proposed ordinance or development approval. This basic framework has some local variations, however, and prospective participants should be aware of them-effective action requires that the local land-use planning process be understood.
Citizens, developers, and organized groups can participate in some fashion at any of the three levels. In rulemaking, staff members develop recommendations, but they often consult citizens, organized interest groups, or other civic groups about the content. For site-specific proposals, staff members meet with the developer to discuss the proposed project and how it might be tailored to address staff concerns. At the planning board level, individuals and groups can testify about the merits or demerits of a proposed ordinance or development. Likewise, there is usually an opportunity for comment at the governing body hearing. Thus, regardless of the type of action being taken, there are opportunities for input from ecologists.
A role for ecologists
A review of the planning process reveals several potential vehicles for the introduction of ecological concepts into local land-use planning:
• Ecologists can be members of the planning board or the governing body, or they can work with advocacy groups.
• Local staff, planning boards, and governing bodies can be educated about ecological principles through workshops or other educational outlets.
• Ecologists can testify at public hearings and confer with staff.
• Ecologists can help generate recommendations for revisions of rules and ordinances by participating in citizen review panels.
Planning staff often have technical backgrounds in diverse fields, which may include ecology. For interactions at the level of education, technology, or policy to be effective, it is important to get to know the background of the staff. Find out whether staff members are familiar with the principles of Dale and colleagues (2000) . If they are, evaluate whether they apply these principles when they make a recommendation. If they do not apply those principles, determine why they do not. The staff may, for example, be able to identify statutory standards, interpretations of those standards, or local policies that they feel constrain the application of ecological principles to planning. In such cases, strive to understand the full dimensions-social, political, and legal as well as scientific-of those constraints and analyze whether they actually are constraints or are simply perceived as such. If the governing legislation must be changed, consider who might be able to accomplish that change and contact them. If change in staff decisionmaking policy (the rules and norms, formal and informal) is necessary, evaluate whether there is a role for education or scientific participation in bringing about that change and ally yourself with organizations that are willing to help. In any case, strive to understand how and why the staff arrive at decisions and how ecological principles can become a more important part of that process.
Often, public hearings are not well attended. Therefore, each person who speaks is important in shaping the response of the planning board or the governing body. Public participants who are unallied with the developer and who can speak with technical expertise are rare. Thus, ecologists can have a substantial impact when they present technical issues to planning bodies in an understandable way. The dates and times of hearings and proposals are typically listed under legal announcements in the local newspaper in which planning notices are published. Attending these meetings and voicing ecological concerns can be effective and important.
Shaping the message
Each level of planning has legal standards for the evaluation and ultimate approval of the proposal. Understanding these standards will help ecologists shape their arguments so that sympathetic members of the decisionmaking bodies can use them to support the application of ecological principles in the planning process. Attaching a legal or policy standard to the ecological perspective relates the scientific information to the decisionmaking criteria used by planning bodies. Clarifying and simplifying the linkage between following ecological principles and meeting a planning mandate will facilitate the successful integration of those principles into action. The following is a basic review of legal standards that guide decisions under each step of the planning process. This language begs for the inclusion of an ecological perspective in the planning process. The requirement for conservation of water, forests, soils, rivers, fisheries, and wildlife supports the inclusion of Dale and colleagues' (2000) principles in the master plan. Thus, an effective argument about ecological concerns in a California general plan could include a statement that the comprehensive plan must explicitly consider wildlife corridors to meet the need for conservation of wildlife required by this statute.
Subdivision control. Subdivision is the process of taking larger parcels and breaking them down into smaller ones. In the United States, this involves laying out the location and areas of lots; the design of streets; and the provision of water, sewers, and other essential services. Most states have some type of legislation that authorizes local government to review proposed major subdivisions (Mandelker 2003) . The final authority to approve or deny subdivision proposals lies either with the local governing body (e.g., California Government Code, sec. 66411) or the planning commission (e.g., New Jersey Statutes Annotated, sec. 40:55D-37). The typical subdivision request is reviewed consonant with standards outlined in section 14 of the Standard City Planning Enabling Act (Mandelker 2003 Rural states may highlight the natural environment as a subject for review and consideration. For example, Montana's statutes require that every review of a proposed subdivision consider its effects on agriculture, facilities for agricultural water use, local services, the natural environment, wildlife and wildlife habitat, and public health and safety (Montana Code Annotated, title 76, chap. 3). More generally, impacts on open space, recreational opportunities, congestion, or the natural environment are legitimate concerns that must be considered in the subdivision review process in any state, and ecologists can address the extent and type of such impacts, as well as how they can be avoided or mitigated. Although the first attempt to explain the impacts may not result in the modification or denial of the subdivision request, it can allow ecologists to identify sympathetic board or governing body members. Moreover, if the issue is raised repeatedly, gathering more support each time, the tide may eventually turn, especially if allies in the community can be developed and convinced to echo these ecological concerns. Placing the message within the planning context is part of the answer to building effective participation and integrating ecological principles into land-use planning. Persistence is likely to be important, too.
Zoning. The uses of parcels of land are controlled through zoning. Zoning issues may run the gamut from rezoning parcels of land (from agricultural or open-space designations to urban, developed zones) to seeking variances from setback or height requirements or restrictions. Not every zoning issue has significant ecological components; however, rezoning requests may offer an opportunity to influence the development or preservation of biological values and services.
Mandelker (2003) identifies two major rules applicable to rezoning. First, spot zoning, or singling out a small tract and allowing a use inconsistent with surrounding uses that benefits the owner but acts to the detriment of the neighbors, is generally not allowed, unless (a) there is a public need or a public purpose for the rezoning and (b) there is a change of conditions in the neighborhood or a mistake in the zoning map. Second, the proposed rezoning should be consistent with the comprehensive plan. Thus, the comprehensive plan and the character of surrounding lands are important components of a rezoning decision. These factors can be important when an isolated rezoning plan that is proposed in a rural area will compromise wildlife habitat, wildlife movement patterns (connectivity), water quality, or watershed integrity. Ecological arguments that counter the incentives for sprawl can figure prominently in zoning decisions, if such arguments are attached to the concepts of landscape integrity and consistency with the comprehensive plan. Effective action will require some thought on how to harmonize these impacts with the human-based impacts on neighbors, but rural neighbors often seek to preserve ecological qualities and services for their own enjoyment and benefit. In such cases, the neighbors are natural allies for ecologists seeking to preserve landscape integrity.
Examples of effective participation
I know of several land-use decisions in which contributions by ecologists made a difference. In the first,"citizen ecologists" opposed a development along a major river corridor in the western United States. The development would have interfered with wildlife movement, placed septic systems within a few hundred feet of the riverbank, and degraded local views and access. Ecologists who lived in the neighborhood organized their peers to testify at the county commissioners' meeting where the plan was reviewed. Aquatic and terrestrial ecologists testified about the environmental impacts of the proposed development and argued that the statutory mandate to consider impacts on wildlife and on the natural environment compelled denial of the subdivision application. The county commissioners then asked the developer to withdraw the proposal, which it did. The opposition to the development was successful, in large part because neighbors of the project could articulate reasons for stopping or changing it other than concerns about lowering property values or degrading aesthetics. This case demonstrates how ecologists can speak out and effectively communicate to decisionmakers about protecting habitat.
A second example is the creation of a regional plan to guide development in a section of a county in a western state. Major river corridors were slated for development in a way that would destroy and degrade rare riparian habitat, obstruct wildlife corridors, and greatly affect the recreational value of the river. In this case, local ecologists gathered letters from leading experts in riparian-zone ecology, who suggested that a 300-foot buffer would be necessary to protect environmental values. Initially, the staff did not tender a proposal including a buffer beyond a strictly delimited 50-foot buffer. The ecologists acted early on to get their comments into the staff report. A group of ecologists also testified at the planning board hearing. Sympathetic planning board members, one of whom was an ecologist, seized this information and ultimately included it in the recommendation to the county commissioners, who enacted the 300-foot buffer. Here, the scientists gained the input of acknowledged leaders in the field and effectively brought their recommendations to the attention of planning board members through testimony at hearings; sympathetic planning board members then made the protection of these resources a priority.
Another example of effective citizen action is the participation by conservationists in "design teams" in Alabama, New Hampshire, and Minnesota (Levinson and Rips 1993) . These teams are an interdisciplinary group of volunteers with expertise and interest in local planning issues. They visit municipalities and facilitate the development of master plans by members of the community. These team settings offer opportunities to educate the public about conservationdesign principles and directly engage communities in conservation design. After a series of meetings, there is a design "charette," a public meeting where different master-plan alternatives are presented, altered, or developed. Participants report that the communities are engaged and activated by these design team visits, resulting in concrete improvements in planning (Levinson and Rips 1993) . Ecologists can participate in these volunteer activities when significant conservation design issues are at issue and thereby ensure the application of conservation planning principles in the process and affect outcomes.
Opportunities for less direct ecological consultation also abound. In Minnesota, the preparation of a Metro Area Nature Resources Map, sponsored by the Minnesota Department of Natural Resources, was guided by input from scientists (Beatley 2000) . The map outlines areas with potential for preservation of biodiversity and can be used to guide future planning. In Toronto, Ontario, scientists first became involved as consultants to environmental groups opposed to the development of a local moraine that was important to water quality (Bocking 2002) . Ultimately, the Federation of Ontario Naturalists became involved and presented a petition, signed by 450 scientists, supporting the preservation of the moraine, thus demonstrating a scientific consensus on the importance of the moraine for water quality. Industry countered with its scientists, however, and was successful in gaining some access to the moraine area for development. Bocking (2002) is critical of the role of science in the process, but without the scientific information presented to the decisionmakers, restrictions on development were not likely in the face of development pressure.
Conclusion
The power of the local process is that one individual can make a difference. Ecologists can play an important role in guiding development within the region where they live. There are many ways to participate effectively in local planning. All of them, however, require some degree of active involvement; the conventional wisdom for creating change is that "you can't win if you don't show up."
Several steps can be taken to initiate implementation of ecological principles. First, watch the legal announcements or other sources of information for development proposals that involve ecological issues. Second, prepare and deliver comments shaped to fit the rules governing a decision at the appropriate stages to the appropriate decisionmakers. Third, as you gain experience with the process, find allies and sympathetic decisionmakers and develop relationships with them to strengthen your position. Fourth, be persistent. Setbacks will occur. Only by gaining experience in the policy process will policy skills improve. Patience and persistence will be necessary. Fifth, if you are in academia, involve students in this process. If you are on the staff of an organization with an ecological mission, talk to your peers and colleagues to encourage their participation. Many citizens care about what ecologists seek to protect and restore. Have confidence that you have their support, even though they may be silent.
